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Field of the Invention 

The present invention concerns the use of the human 
hepatocarcinoma-intestine-pancreas /. pancreatic-associated protein 
5 (HIP/PAP) for stimulating liver regeneration and also for the prevention of 
liver failure. 

Background art 

10 Liver failure occure in a number of acute and chronic clinical 

conditions, including drug-induced hepatotoxicity, viral infections, 
vascular injury, autoimmune disease, or blunts trauma. In addition, 
patients subject to inborn errors of metabolism may be at risk for 
developing liver failure. Symptoms of liver failure occum'ng as a result of 

15 these clinical conditions include, for example, fulminant acute hepatitis, 
chronic hepatitis, or cirrhosis, and in many instances, the restoration of 
normal liver function Is vital to the survival, of patients. For example, 
cirrhosis is the seventh leading cause of death and the fourth disease 
related cause of death in people between the ages of 25 to 44. (Source: 

20 American Liver Foundation). 

in acute liver disease, the liver is able to regenerate after being 
injured. If the disease progresses beyond the liver's capacity' to 
regenerate new cells, the bod/s entire metabolism is severely affected. 
Loss of liver function may result In metabolic instability combined with 

25 disruption of essential bodily functions (I.e., energy supply, acid-base 
balance and thenmoregulation.) If not rapidly reversed, complications 
such as uncontrolled bleeding and sepsis occur, and dependent organs 
such as the brain and kidneys cease to function because of toxic by- 
products or because the liver Is no longer synthesizing irriportant 

30 nutrients. After large liver damage, liver tissue looses its regenerative 
and metabolic functions, and liver transplantation Is a therapeutic 
strategy commonly used. Howevier, the clinical application of liver 
transplantation is limited by the availability of human hepatocytes, liver 
tissue and the nurhber of liver cells that can be transplanted safely at one 

35 time. Moreover, latence before sui^ery and post-surgery complications 
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responses, in liver regeneration, and In ihe fibrotic and cln-hotlc 
transfbmiatlon of the liver. 

Uver cell is also believed to be controlled by various growth 
factors. Growth factors are required to regulate developmental events or 
5 required to regulate expression of genes encoding other secreted 
proteins that may participate In Intracellular communication and 
coordination of development and Includes, insulin-Iike growth fector-l and 
II (IGF I and II), epidermal growth factor (EGF). type a and type b 
transforming growth factor (TGF-a and TGF-p). platelet-derived growth 
10 factor (PDGF). 

m vitro, DNA synthesis in isolated hepatocytes has been shown to 
be stimulated by growth factors such as TGFa. or EGF. A further protein 
named hepatocyte grov»rth factor (HGF) has been shown to be a mitogen 
for primary hepatocytes. 
15 Based on these observations. It has been proposed that these 

factors may be important mediator of liver regeneration. Consequently 
growth factors as TGFa. EGF or HGF with growth factor-like activltl^ 
. have been Indicated In the treatment of liver regeneratfon. However 
these therapeutic strategies, suggested to stimulate liver regeneration 
20 and suppress liver failure, have not proved their efficacity without toxicity 
and adverse effects. Namely, these growth factor favor tumo^ 
progression (Gang-Hong. etal.. 1992 ; Horiguchi, et al. 2002). 

Consequently, there remains a need in the art for an 
effective method which would stimulate liver regeneration, would protect 
25 against liver failure, and would be deprived of adverse toxic and 
umongenic effects. This need exists in any patient population in which 
liver damage has been induced. This need exists not only for 
transplanted patients but also for donors,, and patients having underaone 
a liver resection. Further, there is still a need in the art for novel 
«o therapeutically useful compounds, which stimulate liver regeneration. 

Additionally, faking Into account the poor availability of donor 
organs, living donor partial liver transplantation is recognized as a 
measure for overcoming the lack of oigans, and facilities for partial liver 
transplantetlon. However, partial liver transpianfaUon cannot be 
5 considered as a safe operation for adults representing the majority of 
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(I) a therapeutically effective amount of a hepatotoxic compound, 
(ii) a liver damage effective amount of a polypeptide as defined 
above. 

Pescriptltt n offdrawft^n a; 

Figure 1 Schematic representation of the transgene! 

The enhancer (2 kb) and promoter (0.3 kb) of the regulatory 
regions of the mouse albumin gene are Indicated by dotted lines. Exons 
II, III, IV, V and VI and Introns of the human HIP/PAP gene (1.6 kb) are 
indicated by black boxes and a dotted line, respectively. The bovine 
growth homione poly A fragment (1021-1235) pcDNA 3.1 is indicated by 
a dotted line. Plasmid DNA is indicated by the heavy line. Relevant 
restriction sites are indicated by the anows. 



20 B. 



Figure 2 Immunodetection of HIP/PAP proton. 
Immunohlstochemistry: original magnification x20, 1 wild-type liver. 2 
HIP/PAP transgenic liver, 3 wild-type hepatocytes, 4 HIP/PAP 
hepatocytes. 

Western blot hybridised with HIP/PAP and actin antibodies showing 
a band with the 16 kDA and the 45 kDa expected size, respectively 
Lane 1 purified HIP/PAP protein (10 ng), lanes 2 . 3 and 4. wild-type 
liver. HIP/PAP transgenic liver 27 and 24 homozygous strains 
respectively, lanes 6, 6 and 7 wild-type, HIP/PAP 27 and 24 
25 hepatocytes after Isolation, respectively. 

Figure 3 Time couree of in vivo hepatic regeneration after partial 
hepatectomy. 

A. Immunodetection of BrU-positive nuclei. In wild-type (1 2 3 4) and 
30 HIP/PAP transgenic livers (5.6,7,8); 1 and 5 24 hours, 2 and 6 36 

hours, 3 and 7 46 hours, 4 and 8 55 hours after hepatectomy. 

B. Each box plot comprises five horizontal lines displaying the 10*. 25^ 
50 , 75 , percentiles of a variable. All values for tiie variable above 
ti>e 90 percentile and below flie lo* percentile are plotted 

35 separately, so that the box plots are valuable in highlighting any 
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B. Hepatocytes were treated as Indicated for 17 hours, wild-type (□), 
HIP/PAP (■). The histograms represent the mean values ± s.e.m. of 
three separate experiments with four replicates. 

C. Pyknotic nuclei of hepatocytes still attached were stained with 
5 Hoechst 33258 (magnification x 400), Arrows indicate features of 

apoptotic bodies organized In "rosettes" characteristic of the 
hepatocyte apoptosis Induced by TNFkx, wild-type (1,3,5) HIP/PAP 
(2,4,6) control cultures: no addition (1 and 2), TNF-a 2 ng ml"^ + ActD 
(3 and 4), TNF-a 20 ng ml"'" + ActD (5 and 6). 

10 • 

Figure 6. Stimulation of liver regeneration in SCID mice 
transplanted with hepatocytes from wild-type or HIP/PAP transgenic 

mice. 

A- Macroscopic evaluation of the livers of SCID mice, transplanted with 
15. hepatocytes from wild-type or HIP/PAP transgenic mice, and l<illed 7 
days after hepatectomy. 
B. Box plots of the liver weights of hepatocyte-transplanted SCID mice 7 
days after hepatectomy. A significant difference was observed 
(p=0.0008) between SCID transplanted with wrid-type hepatocytes 
20 versus SCID transplanted with IHIP/PAP hepatocytes, by using the 
Mann-Whitney test. 

Figure 7 Stimulation of liver regeneration in SCID mice by 
HIP/PAP protein. 

25 Box plots of the liver weights of SCID mice Intra-splenic injected 

36 hours after partial hepatectomy with HIP/PAP protein (600ng/mice) or 
phosphate buffer saline (PBS) (lOOjjL). Mice were Icllled 7 days after 
hepatectomy. A significant difference was observed (p=0.0022) between 
SCID injected with H\P/PAP protein versus SCID injected witli PBS, by 

30 using the Mann-Whitney test 
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Detailed description of the Invention ; 
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is particularly devoid of any carcinogenic effect, In contrast to the grpvvtli 
factors known in the art such as HGF, TGF^a or EGF, as described 
above. 

Taken together, these results demonstrate the therapeutic 

5 Importance of HIP/PAP in liver regeneration. Thus, these experimental 
results have allowed the Inventors to design pharmaceutical 
compositions for stimulating liver regeneration in vivo comprising an 
effective amount of the human hepatocarclnpma-intestlne-pancreas/ 
pancreatic-associated protein (HIP/PAP) of sequence SEQ ID N**!; In 

10 combination with at least one physiologically acceptable excipient. 

A first object of the Invention consists In a pharmaceutical 
composition for stimulating liver regeneration in vivo comprising an 
effective amount of a polypeptide comprising an amino acid sequence 
having 90% amino acid identity with the polypeptide consisting of the 

15 amino acid sequence starting at the amino acid residue 36 and ending at 
the amino acid residue 175 of sequence SEQ ID N^1, in combination with 
at least one physiologically acceptable excipient 

The invention also concerns a pharmaceutical composition 
comprising a polypeptide fragment of HIP/PAP, which is effective for liver 

20 regeneration; This polypeptide of sequence starting at the amino acid 
residue 36 and ending at the amino acid residue 175 of sequence SEQ 
ID N^^l consists of a biologically active portion of the HIP/PAP protein, 
which had previously been described as a Carbohydrate Recognttion 
Domain (CRD) sequence (Christa et al. 1994). 

25 In a first preferred embodiment, the phannaceuticai composition of 

the invention comprises a biologically active portion of HIP/PAP as 
described hereabove, which can be isolated from cell , or tissue sources 
by an appropriate purification scheme using standard protein purification 
techniques. 

30 In another preferred embodiment of. said pharmaceutical 

composition the biologically active portion of HIP/PAP Is produced by 
recombinant DNA techniques, such as described in the examples. 
According to a third preferred embodiment, the biologically active portion 
of HIP/PAP is synthetised chemically using standard peptide synthesis 

35 techniques. 
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in the art, for example by measuring BrdU Incorporation by heparocytes, 
and measuring liver mass restoration as it Is sliown in Example 2. 

As used herein the biologically active portion of HIP/PAP 
encompasses a polypeptide comprising an amino acid sequence having 

5 90% of identity with the polypeptide of sequence starting at the amino 
acid residue 36 and ending at the amino acid residue 175 of sequence 
SEQ ID N^'L According to the invention a first amino acid sequence 
having at least 90% of identity with a second amino acid sequence, 
comprises at least 90 %. and preferably at least 91%, 92%. 93%, 94%, 

10 95%, 96%, 97%, 98%, or 99% of identity in amino acids with said second 
amino acid sequence.. 

Polypeptides according to the Invention comprise also variants, 
such as the CRD sequence from different mammals, and for example 
from the bovine pancreatic thread protein (BPTP) or the pancreatic 

15 associated protein 1 (PAP1) from the rat, described by Orelle, et al. 

in addition to naturally occumng allelic variants of the biologically 
active portion of HIP/PAP sequences that exist In mammals, the person 
sl^ilied in the art will furUier appreciate that changes can be Introduced by 
mutation into the nucleotide sequence of SEQ ID N^'l, thereby leading to 

20 changes In the amino acid sequence of HIP/PAP without altering the 
biological activity of HIP/PAP. 

In addition, substitutions of non-essential amino acid can be made 
in the sequences corresponding to HIP/PAP. A "non essential" amino 
acid residue is an amino acid residue that can be altered from the wild 

25 type sequence of HIP/PAP without altering the biological activity, 
vt^ereas an "essential" amino acid residue is required for biological 
activity. 

A second object of the invention consists in a pharmaceutical 
composition for stimulating liver regeneration /n vivo comprising a 
30 polypeptide of sequence starting at the amino acid residue 36 and ending 
at the amino acid residue 175 of sequence SEQ ID N^'l, in combination 
with at least one physiologically acceptable exciplent. 

Another object of the Invention is a pharmaceutical composition for 
stimulating liver regeneration in vivo comprising an effective amount of a 
35 polypeptide comprising an amino acid sequence having 90% amino acid 
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identity with the polypeptide consisting of the aminn 
starting at the amino add »sldue 27 and ^^^7, tt^.^""^"^ 
residue 175 of sequence SEQ )D N'i ^ZJ^ ^ 
Physiologically acceptable exoipLnt ™* 

oon,pprn?cL,°iTto°L:: Tzzr'^.'' ' 

acid residue 27 and ending at the amino aowTeTklt^^ """" 
^p^ ~" - ---"-^^o.^- "al^^^ 
Another object of the Inventfon consists fn « ,^k> 
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a polypeptide comprising the CRD sequence T^an^Llf? ^ ^* 

By the way, a co,reC foWlng of the ther^SSy a"^ HiP^T" 
lead to a best blologicaf efficfenrv ft,r HIP/PAP may 

comprtsing said .rJTfo^Z^^"^::^' 
comprising only a portion of the p,oC '° ' composition 

In a prefeired embodiment HIP/pap h.. «. 
sequence shown in SEQ ID N»r in n.h u 
substantially identli, to SEQ^D and'^l f r"*' ""^'^^ " 

99%. or more IdentHy with the amino acW sequence o^I^qio m:;. "- 
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The invention also enconnpasses HIP/PAP chimeric or fusion 
proteins. As used herein, a chimeric protein or a fusion protein conriprises 
the polypeptides cited above vi^hich are fused to a non-HIP/PAP 
polypeptide. Within the fusion protein, the HIP/PAP polypeptide and the . 
non-HIP/PAP polypeptide are fused to each other. The non-HIP/PAP 
polypeptide can be fused to the N-terminus of to the C-terminus of the 
HIP/PAP polypeptide. 

For e^^mple, in one. embodiment, the fusion protein is a GST- 
HIP/PAP fusion protein In which the HIP/PAP sequence Is fused to the C- 
terminus of the GST sequence. Such liislon proteins can facilitate the 
purification of recombinant HIP/PAP. 

In all cases the fusion proteins of the Invention possess the same 
biological activity as HIP/PAP of SEQ ID N^l. 

Two different pathways trigger liver regeneration, one causes the 
replication of differentiated hepatocytes or biliary cells after partial 
hepatectomy or bile duct ligation (Fausto et al., 1994, Fausto et al., 
2000). The second regenerative pathway is triggered after toxic Injury, on 
massive necrosis or carcinogenesis, when the proliferation of 
hepatocytes or biliary cells Is impaired or slowed by the injury (Factor VM 
et al.. Petersen B et ai;,(1998), Akhurst B et al.). Under these conditions. 
It has been proposed « stem-like » cells proliferate and differentiate into 
hepatocytes and biliary epithelial cells, and then repopujate the liver. In 
rodents, the so-called oval cells represent a heterogeneous cellular 
compartment in which well-defined subpopulations have yet to be 
isolated. In humans, the oval cell compartments may participate in 
repopulating the liver jafter acute massive necrosis, and has also been 
Identified In chronic liver diseases (Roskams T, et al.. Sell S et al.). As 
used herein, The phrase «c liver regenerations concems the process by 
which « stem-like » ceils proliferate and differentiate into hepatocytes and 
biliary epithelial cells, and then repopulate the liver as well as hepatocyte 
and biliary cells replication. 

The term "Biologically active amounts" concems the amount of the 
composition according to the invention sufficient for treating the liver 
diseases associated with a decreased number of hepatocytes, in which 
liver regeneration conduced by HIP/PAP can restore hepatic function. 
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includes the so-called "partial liver transplant" corresponding to a graft 
consisting of the part of the liver of a donor. Liver transplantation means 
also injection of hepatocytes (genetically modified or stimulated to 
proliferate or differentiate) into portal vein. 

As used in the case of liver transplantation, the phrase "liver 
regeneration" means morphologic changes in which lost liver tissues are 
replaced by hepatocyte growth of a liver transplant or partial liver 
transplant, but also includes biochemical changes such as improvement, 
recovery, or normalisation of hepatic functions. Specific subjects to be 
treated by the composition of the invention includes, for example patients 
who received partial liver transplant after the liver had been wholly 
resected for treating hepatic failure caused by liver diseases such as 
hepatitis, hepatic cirrhosis of alcoholic, viraf. drug or unknown cause, or 
hepatic cancer. 

Compositions according to the invention are also suitable in the 
treatment of liver failure, consecutive to other diseases such as : 
Hepatitis B. Hepatitis C, Urea Cycle defects. Familial 
hypercholesterolemia. Alcohol induced cirrhosis. Glycogen Storage 
Disease. Autoimmune Hepatitis, Primary Hyperoxaluria type I, 
Cryptogenic cirrhosis, Crigier-Najjar syndrome type I, Congenital Hepatic 
Fibrosis, Neimann- Pick Disease, Primary Biliary Cirrhosis. Familial 
Amyloidosis, Biliary Atresia, Hepatocellular Carcinoma, Primary 
Sclerosing Cholangitis, Hepatoblastoma, Alagiile Syndrome, 
Hemangioendothelioma, Familial Cholestasis, Non-Carclnlod neuro- 
endocrine, Drug Induced liver failure, benign liver tumor such as focal 
nodular hyperplasia Liver tumors such as Hepatocellular carcinoma and 
Choiangiocarcinoma, Acute/ftjiminant liver failure, Budd-Chiari syndrome, 
Alpha-l-antltrypsfn ' deficiency, Wilson Disease. Hemochromatosis. 
Tyrosinemia, Protoporphyria, and Cystic fibrosis. 

Compositions according to the invention are also suitable in the 
treatment of liver failure, consecutive to hepatotoxic compounds 
exposure conducing to liver necrosis or partial liver necrosis. A number of 
heplatotoxic compounds, including alcohol*, virus, such as HBV, HCV or 
HIV, mushrooms, such as phaloTde amanite, parasites such as 
Plasmodium Falciparum) or certain therapeutics, induce cytotoxicity and 



16 



liver necrosis. Among these therapeutics we can n,..,r. 

such as Enflu^ne. neu^ps^cho^p.:: ~ "^^^^^^^^ 
anticonvulsants such as valomte , Hydrazldes. 

Acetaminophen; antlrtc^Wals ,S ^'.h T?*""' ^ 
s. homines such as Ace.ohexa:2.na^^:^r /j^ 

Papavenne. Immunosuppressives and . Imgs. such as 

aspa^glnase. anti-hype^'„sr L-i an^tSr ^' 
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se-^ence having 90% Jin^'^t^'^J: T° ^ 
consisting of the amino acid sequent ^inTat* 
^^..3aandend,ng«theJnoa;l^r.ro,~ 

suitable for therapeutic comm,.»i„T ■ ""^'^'^ PnMs'n, tt Is also 
or.,lo,opica,yac:C''Z:THTplr''''''^ ""^^ 

fonriuiationsar/deserib^hR^ . of " '^"'^'^ ^"^ 
1980. Mac PurtS^Co'Z^Cr 
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By « physiologically acceptable exclplent » Is meant solid or liquid 
filler, diluent or substance, which may be safely used in systemic or 
topical administration- Depending on the particular route of 
administration, a variety of pharmaceutically acceptable carriers well 

5 known in the art include solid or liquid fillers, diluents, hydrotopes, 
surface active agents, and encapsulating substances. 

These compositions will typically contain an effective amount of 
the HIP/PAP protein, for example, from on the order of about 6 pg/ml to 
about 10 mg/ml, together with a suitable amount of carrier to prepare 

10 pharmaceutically acceptable compositions suitable for effective 
administration to the patient. 

HIP/PAP may be administered parenterally or by other methods 
that ensure its delivery to the bloodstream in an effective form. HIP/PAP 
may preferably be administered using an intra-hepatic route. Dosages 

15 and desired drug concentrations of such pharmaceutical compositions 
may vary depending on the particular use envisioned. A typical effective 
dose in mouse experiments is about 30 pg/kg. Interspecies scaling of 
dosages can be performed in a manner Icnown in the art., e.g. as 
disclosed In Mordent! et al., Phannaceut Res 8 pi 351 (1991). 

20 The pH of the formulation depends mainly on the particular type 

and the concentration of HIP/PAP protein, but preferably ranges 
anywhere from about 3 to about 8. 

Compositions particularly well suited for the clinical administration 
of HIP/PAP Include sterile aqueous solutions or sterile hydratabie 

25 powders such as lyophlllsed protein. Typically, an appropriate amount of 
a pharmaceutically acceptable salt is also used in the formulation to 
render the formulation isotonic. 

Sterility is readily accomplished by sterile filtration through (0,2 
micron) membranes. 

30 The HIP/PAP protein pharmaceutical composition will be 

formulated, dosed, and administered in a fashion consistent with good 
medical practice. Factors for consideration in this context include the 
particular disorder being treated, the particular mammal being treated, 
the clinical condition of the individual patient, the cause of the disorder, 

35 the site of delivery of the agent, the method of administration, the 
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The therapeirtically ? effective amount » of HIP/PAP Dtotalri to h. 
adm,n,^,ed w«l be governed by such conslderattonT an^ fc, th! 
minimum amount necessary to Induce or . 

signmcan*.ymo«suscep«bletolnfeZs ^ 

The tern, . administration » or « administered » as used he.«in m 
o^n":i h""'^'^ ""^ •» adm.n,s.,««o^':?H;";^ 

ending althe amino add resWue 175 of sequence SEQIDnT 

of the ammo add sequence starting at the amino acW LwuTsb^^ 
ending at the amino add residue 175 of sequence SEQ ID^-? 

An expression cassette that drives the expression of a noh»v.„«H. 
asd^Hbed above can be obtained ..r eKampteaslt^d'Tn'^'n 
entifled .Transgenic mice expressing HIP/PAP In the liver" 

The t^patocytes as used herein, are directly collected from a liver 
or obtemed ftpm stem ceils and particularty fiom bone mant.w stem S 
*at have been differentiated into hepatocytes. The dIfferentfcrS 
bone.mam»>- stem cells In hepatocytes has been reported btp^!!l" 
a'.. (1999) and Mitdreh ef a,. The recourse to such^wl'rw 
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cells can avoid recourse to hepatectomy . for obtaining in vitro 

hepatocytes cultures. 

A further object of the invention is a composition comprising an 

effective amount of bone-marrow stem cells In combination with a 
5 polypeptide comprising an amino acid sequence having 90% amino acid 

identity with the polypeptide consisting of the amino acid sequence 

starting at the amino acid residue 36 and ending at the amino acid 

residue 1 75 of sequence SEQ ID N^'l . 

Without wishing to be bound to any particular theory, the inventors 
10 believe that the administration of bone marrow stem cells treated with 

HIP/PAP to a patient may accelerate the liver regeneration process. 

The cellular compositions described above can be used for long-temi 

in vitro culture of hepatocytes, for example for the purpose of in vitro 

cellular assays. The availability of the cellular compositions above avoid 
15 a recurrent recourse to hepatectomy for obtaining in vitro hepatocytes 

cultures. The invention also comprises pharmaceutical compositions for 

stimulating liver regeneration in vivo comprising an effective amount of a 

composition as defined here above. 

In preferred embodiments of the present Invention, the polypeptide 
20 from the compositions cited above is replaced by a polypeptide fragment 

of HIP/PAP, a biologically active portion of HIP/PAP or the entire 

HIP/PAP protein as defined in the present spectficatlon. 

Process according to the Invention 

25 

Another object of the Invention is a process for stimulating 
hepatocyte growth in vitro comprising : 

(a) collecting hepatocytes; 

(b) cultivating said hepatocytes in an appropriate culture medium ; 

30 • (c) treating said hepatocytes with a mitogenic amount of a 
polypeptide comprising an amino acid sequence having 90% 
amino acid identity with the polypeptide consisting of the amino 
acid sequence starting at the amino acid residue 36 and ending 
at the amino acid residue 175 of sequence SEQ ID N'^l . 
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. (aj collecting hepatocytes; 

(b) cultivating said hepatocytes in an appropriate culture 
(O ^^^ng hepatocytes 
^nvea the expression o, the H.P/I=AP p,ote,n in saW h:p«o 

■materia, and n."hot- «--P°™«ng sec«on in the part 

The phrase "collecting hepaloovtes- t , 

hepatocytes are directly ,»ltec^ J , ^ 
Obtained ftom ste. celLCZ!r.ri^'',l"""' "'^ ^ 
that have been dHterentiated^ h . T 

bone.marrow8tem«CtL^^ """^ "W^^nlation of 

cells can avoid recou J to h!!!rT * ^««'" 
hepatocytes cultuJZTal ^re,*": ^ 
*>r simulating hepatocyte g J^n v^CX ' """" 

(a) collecting bone marrow Stem cells- 

(b) c^a«ng said bpne n,armw steni cells In an approprtate cu«u,e 

(c) treating said bone marrow stem cells with =. mit«« • 
a polypeptide oompnsing an 

am,no acid identity with tt,e polypeptide consistinro ^ 'mino 
acw sequence starting at the amino add residue 36 amTe^^ina 
at the amino acid residue 175 of sequence SEQ 10 
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. Without wishing to be bound to any particular theory, the Inventors 
believe that the treatment described above enhances the bone marrow 
stem cells ability to regenerate the liver. In preferred embodiments of the 
present invention, the polypeptide from the process cited above is 
5 replaced by a polypeptide fragment of HIP/PAP, a biologically active 
portion of HIP/PAP or the entire HIP/PAP protein as defined in the 
present specification. 

Use according to the invention 

10 

Another object of the present Invention consists of the use of a 
. polypeptide comprising an amino acid sequence having 90% amino acid 
identity with the polypeptide consisting of the amino acid sequence 
startlnig at the amino acid residue 36 and ending at the amino acid 

15 residue 175 of sequence SEQ ID N"*1 in the manufacture of a 
pharmaceutical composition for stimulating liver regeneration In vivo. 

A further object of the present Invention consists of tiie use of a 
polypeptide comprising an amino acid sequence having 90% arhlno acid 
identity with the polypeptide consisting of the amino acid sequence 

20 starting at the amino acid residue 36 and ending at the amino acid 
residue 175 of sequence SEQ ID N'^l in the manufacture of a 
pharmaceutical composition for the prevention of the establishment or 
progress of liver failure in a patient at risk for developing or having been 
diagnosed with liver failure. 

25 [ The invention also encompasses the use of polypeptide fragments 

from HIP/PAP and biologically active portions of HIP/PAP as defined 
above. 

In a preferred embodiment, the liver failure is a consequence of a 
liver resection, a liver transplantation, or hepatitis, 
30 in a further aspect of the invention, the use according to the 
Invention concerns a patient at risk for developing or having been 
• diagnosed with a liver failure caused by a disease comprised In the group 
consisting of: Hepatitis B, Hepatitis C, Urea Cycle defects, Familial 
hypercholesterolemia, Alcohol Induced cirrhosis, Glycogen Storage 
35 Disease, Autoimriiune Hepatitis, Primary Hyperoxaluria type I, 
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Cwtogenio cirrhosis, CrWer-N^ar syndrome type I. Conaenitel H.n=.i 
Fibrosis, Nelmann- Hck Disease, Prtn«,y B^n^ " mm ■ 

Amyloidosis, Bilia-y Afcesla. HepatoceTuler Z^^ ' p^ma^ 
Sclerosing Cholangitis, Hepatoblasfc,ma, AIaZ kvnnZ^ 
Hemangioendothelioma, Familial Cholestaste H^^r^jT ' 
endoolne, Drug Induced liver «lurs, ^^^^ 
nod^ar hype^asia Liver tumors such as Hepatocellular ^^t<^ a^d 

Ctote,^«K«rc,noma,Acute/fulmlnant liver failu™.Budd.ChiartsyZr 
Alpha-l-antitiypsin deficiency, Wilson Disease H=m~,K 

Ty««lnemla. Pro*,porphyda, and Cys«c fibror 

Msthods according ^n ^i ^a inyiy n^^n 

Another object of the invention is a method for stim„i»H„„ ,• 

regeneration comprising administering an^tXe 

polypeptide comprising an amino acid sequ^cel^g soTTno I h 

identity with the polypeptide consisting of the Sit T "*^ 

starting at the amino add residue 36 and endir^r 

rescue 176 of sequence SEQ ID NM to a X. """" ^ 

In a prefened embodiment, the methdd acco^llng to the Invention 

encompasses a method comprising administering an effeot^^ aZw^f 

«.es ftagments ^ HIP/PAP. biologlLy TlT^o* s ^ 

Another object of the Invention Is a method for th« tro^f^^ * . 
^«en. V* a hep^otoxic the^peutlc agen. el^J irrprir/r 
treatmentofadisonderorpathologlcphysiotoglcalcondltlons c^m^i^ 

(a) administering to said patient, simultaneously or in ooBonal oni.r = 
biologically effective dose of said theipeu^^:^' a 
P^ntaftvely effective amount of a po^peptide compris ng ant^ino 
aoid sequence having 90% amino acid identity with the polyp^rtWe 



23 



Another object of the invention is a nnethod for the preventton of the 
establishment or progress of liver failure, consequence of a. liver 
resection, a liver transplantation, or a hepatitis comprising administering 
to a patient an effective amount of a polypeptide comprising an amino 

5 acid sequence having 90% amino acid identity with the polypeptide 
consisting of the amino acid sequence starting at the amino acid residue 
36 and ending at the amino acid residue 175 of sequence SEQ ID N^'l . 

According to the method above, the polypeptide is administrated 
before, during or after a liver resection or a liver transplantation. The 

10 polypeptide can also be administrated to the donor of a liver 
transplantation, or to the receipt, in order to avoid for example post- 
surgery complications. According to the method above the polypeptide 
used is a fragment of HIP/PAP, a biologically active portion of HIP/PAP 
or the entire HIP/PAP protein as defined In. the present specification. 

15 Another object of the Invention is a method for stimulating Hver 
regeneration in a patient comprising: 

(a) coilecting hepatocytes from said patient ; 

(b) cultivate said hepatocytes in an appropriate culture medium ; 

(c) treating said hepatocytes with a mitogenic amount of a 
20 polypeptide comprising an amino acid sequence having 90% 

amino acid identity with the polypeptide consisting of the amino 
acid sequence starting at the amino acid residue 36 and ending 
at the amino acid residue 175 of sequence SEQ ID ; and 

(d) injecting said cells into said patient. 

25 By "mitogenic amount " It is meant that the hepatocytes will be 
treated with a sufficient amount of the polypeptide as defined herein 
before to induce a liver regeneration when injected In a patient. 
Generally, a "mitogenic amount" as specified above consists of an 
amount of said polypeptide which Induces proliferation of the 

30 cultured hepatocytes, as it can be easily determined by the one 
* sicilled In the art, for example through BrdU incorporation as 
disclosed in the examples. 



Steps (a) to (d) can be conduced according to the techniques 
35 disclosed in example 5 and to the corresponding section in the part 
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-material and methods". In a preferred embodiment the m^fh.^ 
comprises additional steps: mDoaiment. the method 

(e) monitoring said patient for Indication of liver fellure. and 

(f) Cont.nu.ng injections according to step (d) until said liv^r 
5. regeneration is «ufncient ^^'^ 

Another object of the invention Is a method for sflmulafino llv«r 
regeneration in a patient comprising: snmuiaBng liver 

(a) collecting hepatocytes from said patient • 

(b) cultivate said hepatocytes In an app„.priate culture medium • 

^TJ:T^7 'y^^^' ""^ ^" -le^e that 

ceT. and ""'^^^'^ ^.^^^^'^ hepatic 

(d) injecting said cells into said patient 
/^xpression cassette that drives the expression of a polypeptide as 
descnbed at>ove can be obtained for example as describS^k: - 
entitled -.Transgenic mice expressing HiP/P-^ 

^eirr.n'a!:!:!,^":" ^ ^ --^ 

(a) collecting bone manow stem cells from said patient • 

(b) c^«v.«ng said bone manow stem cells In an appr;priate culture 

(c) treating said cells with a mitogenic amount of a DoIvn^ntH» 

Idenfty with the polypeptide consisting of the amino add 
sequence starting at the amino acid residue 36 and enZg at me 
am.no ac.d residue 175 of sequence SEQ ID N'l 

(d) injecting the cells obtained at step (c) into said patient. 

The avaHabllify of the method above avoid a roo..rr-.«f 

to be bound to any particular theory, the inventore believe thrZ 
administration of bone man«« stem cells tmated wW H^pj^ ^ ! 
patent may accelerate the liver regeneration process 
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Steps (a) to (d) can be conduced according to the techniques 
disclosed in example 5 and to the corresponding section in the part 
"material and methods". In a prefen-ed embodiment, the method 
comprises additional steps: 
5 (e) Monitoring said patient for indication of liver failure, and 

(f) Continuing injections according to step (e) until said liver 
regeneration is sufUcieht. 
In another embodiment, the invention relates to a method for the 
prevention of the establishment or progress of liver failure in a patient at 
10 risic for developing or having been diagnosed with viral or autoimmune 
hepatitis, or a cirrhosis comprising administering to said patient a liver 
failure preventative amount of a polypeptide comprising an amino acid 
sequence having 90% amino acid identity with the polypeptide consisting 
of the amino acid sequence starting at the amino add residue 36 and 
15 ending at the amino acid residue 175 of sequence SEQ ID N'l . 

In another embodiment of the method above, the polypeptide used. 
Is a firagment of HIP/PAP, a biologically active portion of HIP/PAP or the 
entire HIP/PAP protein as defined in the present.specification. 

The invention also concerns HIP/PAP, as an active Ingredient of a 
20 composition for stimulating liver regeneration in vivo, comprising an 
effective amount of a polypeptide comprising an amino acid sequence 
having 90% amino acid Identity with the polypeptide consisting of the 
amino acid sequence starting at the amino acid residue 36 and ending at 
the amino acid residue 175 of sequence SEQ ID N'l In combination with 
25 at least one physiologically acceptable excipient. 

Further details of the Invention are Illustrated in the following non-limiting 
examples. 

MATERIALS AND iMETHQPS 
30 HIP/PAP Production and purification : 

HtP/PAP was produced in transgenic mouse mili< canrylng the 
rabbit WAP gene able to drive expression of the HIP/PAP gene In the 
mammary gland, as previously described by the inventors (Christa et al., 
35 2000). 
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Transgenic mice carrying the WAP/hip ^ 

«eo«o„ into one4„ Tcs^BTs^r r 
strarns. They were idehtMed bv tali nwA f "=57erexCSA hybrid 
Mouse DMA L d^^Tv^t^"^!'!""^'^'^ °" S""*-"- Wots, 
i separated on »i generated fragments were 

H raiea on 1 /. agarose gels and -transfarrBd to Nvt-an iiw 
presence of the transgene was ducted using a 4 4 TZ.T" 
derived fion, the upstream region of the mii« wX^ glil^ 

handi::'sr:rtr:rr™'"^~'^'"^^ 

M^^o,AgHcu«u.'gui:e,re:(d:r^p:, 

p":ior;':srruTor^"j7 t^"^"-- 

Mouse m„.< was diluted (1/10, in 10 ^^^^hu T^TCJft::- 
PUHfiyn of HfP/P/^p pMein f^^ trnn sgsgicflaugemilk 

. and l-mL factions were coltected. HlP/PAP-comaining frartbns we™ 
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pooled, diluted in 5 vol. of 140 mM sodium acetate buffer at pH 4,0 and 
reapplied to the Mono S HR 5/5 column equilibrated with 140 mM sodium 
acetate buffer pH 4.0. The flo\Arthrough was discarded and the column 
was developed with a 20-mL gradient ranging from 0 to 400 xr\M NaCI in 
5 the working buffer. The column flow rate was 1 mL/min and 1-mL 
fractions were collected. Fractions containing HIP/PAP were pooled, 
diluted in 1 vol. of glycerol and stored at 20 °C. 

Protein concentrations in the samples were determined using the 
Peterson protein assay. Denaturing polyacrylamide gels in sodium 
10 dodecyl sulfate (12.5% acrylamide, SDS/PAGE) were performed 
according to Laemmli. Coomassie blue staining gels were scanned and 
quantified using an imagemaster. 

Animals 

- Transgenic mice expressing HIP/PAP in the liver. 

The regulatory region of the mice albumin gene 18 was cloned 
upstream the HIP/PAP gene fragment to drive a human HIP/PAP gene 

20 expression specifically in the liver as described in the figure 1 . The entire 
Notl/Kpnl- linearized construct was microinjected into single cell mouse 
zygotes of hybrid strains in the Experimentation on the Transgenesis 
department (Villejuif France). The 24 and 27 homozygous transgenic 
lines were developed from independent founders on genetic bacl<ground. 

25 Animal welfare, conditions for animal handling before slaughter and all 
experimental procedures were ensured in line with the French Ministry of 
Agriculture guidelines (dated 19*, April 1988). 

- Control mice 

'30 

C57BL/6 mice were provided by IFFA CREDO (L'Arbresle, France) 
and were used as controls of HIP/PAP transgenic mice. 



- Recipients of isolated hepatocytes 

35 
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^PP?;Ti^o^^f^'^ "^^^'^ '^'"^'"^^ immunodefldent (SCID) mice 



Liver resection represents 70% of the total liver mass », 
described by HIggins and Anderson (Hlgglns et al.) in 1 
m,ce. Animals received one int^-perltoneai in(ec..o„ o,^ 

saonned 24, 36, 46 and 5S hours post-hepatectomy. Animals and livor. 
v«ete weighted and BrdU-labelled nuclei were scored X .^kT^ 
wim an,«,„U anybody (ctone Bu 20A) aTJeTa^ t "^J^ 
usmg tt,e universal LSAB2 homeradish peroxydase i^Zo) 
'east 20 low maanilicallon (x 10) miomsoope fleids for each llve7^H» 
(Oiympus BXeoX More man 1600 nuclei «e« scBeneL per " ' 



Hepatdcvtes In primary culfuro 



Pnmary mouse hepatocytes were isolated from 2 to 3 months old mice 
as prevK,usly descdbed (Kiaunig et al, Ronton et al) with Ube«» 
Biendzyme. Viable hepatocytes were purified using a low speed TsT 
density Percoli cenbimgatlon method, as descnbed by (Krealr a^ 
Celis were resuspended in 199 medium containing pentalinn 
sfeptomycin, fungizone, bovine serum albumin (0,1%) and Z S 
senim (10%). at densittes of 2 x 1Q» and 4 x 10^ for pro^^Lta^ a^d 
apoptotic experiments respectively in PHmarIa platT STvTr^ 
maintained a. arc in a humWed atmosphere ar^t^ nS^^^™: 

8tta9hment. the cells were rinsed once and cultured with the same 
medium confining no serum and «,en exposed fo ActD (o.os^g mr') 
plus TNF-o at ranges of concentration from 0,2 to 40 ng/ml for 17 to 18 

experiments, the medium was. supplemented with 3,5.3'«iiodothyronine 
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5 10"*M, dexamethasone lO"^ M. Insulin 10pg/ml 2 10"® M, transferrin 
5,5 pg ml, selenium 7 ng/ml, pynivate 20 mM and foetal calf serum 5%. 

DNA synthesis In primary culture hepatocvtes 

5 

To measure DNA synthesis, BrdU (20 mM) was added for the last 
16 hours prior to evaluation. The hepatocytes were washed with PBS, 
fixed, and rendered permeable in 30:70 acetic acid/ethanoi solution at - 
20*0 for 30 minutes. Incorporated BrdU was localised using the BrdU 
10 Labelling and Detection kit II. Repiicative DNA synthesis was measured 
by scoring the percentage of BrdU labelled cells In at least 10 low 
magnification microscope field for each sample (Olympus CK2). More 
than 1 000 hepato(^s were screened per well. 

15 Cell viabi lity and eyaluation of apcptosis In primary culture 

hepatocvtes. 

Seventeen hours after the addition of TNF-a, the monolayer was 
fixed with 4% paraformaldehyde for 20 minutes at room temperature, 
stained with Hoechst 33258 (0,5 \ig/m\). Apoptotic cells were examined 

20 at wavelengths- between 350 and 460 nm using an Olympus BX60 
inverted fluorescence microscbpe (Olympus America Inc.). Loss of cell 
viability was quantified using the MTT assay: 30,000 cells per well In a 96 
well microtiter plate were treated with x pi (0,6 mg/ml) MTT solution, 
freshly dissolved in medium for 1 hour at 37''C. The medium was then 

25 aspirated and 100 pi DMSO were added to solubilize the dye. 
Absorbance was measured at 570 nm using a Dynex MRX 96 well 
microplate reader (Dynex Technologies, France). Each measurement 
was performed In quadruplicate, for HIP/PAP and wild type hepatocytes 
dispensed on the same plate. Percentage cell survival was calculated by 

30 taking the optical density reading of cells receiving a particular treatment, 
dividing that number by the OD reading for untreated, control cells and 
then multiplying by 100. Comparison of the results with the number of 
apoptotic cells visualised using Hoechst 33258 valWated the accuracy of 
the MTT assay. 
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Cell i^omnn -^nd^BngBlantatjon 

as previously descrtbed by Klaunta ,n^^ . ^ ^'^"dzyme, 
5 . purtfled usi,^ a (ow^peS^ Si ^ "^"^ """"^ '^«P«'ooytes were 

x^azlne (Bayer, LevertcusenTm^v^a^?*? a"esthetfeed w«h 
Frar,oe) dissolved In NM o Z7ZL ^^^'^'^>'- <-y°" 
small. left-flanK a 
> to Inject 100MI of eel, suspensL^O^x fj^^ r*'*"^'"^^ 
Willllams medium (GibcomRL) Rectolen! sr. n '^'^ ,*^^°<=y*^) i" 
allow sufficient «me for the p,SSm«^ ^3^'° T ^'^ ^ ''^ «o 

hepatocytes into me liver pa.^X^ ^»f °' "onor 

perfomied. Parenchyma, before partial hepatectomy was 

Evaluation »f I ,va, g,^^^^^ 

weigh.^B::r,n"?« rcITr'^r' '"'^^"'^'^ <^-' body 
sac,fficed24.3e 55W ""T '^'^ They were 

with ant^B■dU antlb<^y yjone B„ ^a?' 

usmg the universal L^z horlir ^"^ ™^«'««°" ^» Partbm,ed 
leas. 20 '--maflnmca^'frroT^^^^p^r,:^ (''^^''•> ^ ^ 
(Cympus BX60, M„„ «.an ISO^ nucirZ^rnar^r ^'"^ 

previously descnbed(Ch2 e. no^^ "'^ ™ 

Saline) was Injected Into the sDleJ, Jo (Phosphate Buffered 

(SCID) mice 36 h afte7D^rtal hZ . '^""^^ "mmunoDeflcient 
daysatterparflalhe^C. ^ ^""^^'^ •<«led 8 
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RNA from frozen liver tissues was extracted according to TRI20L 
reagent (Life Technologies) supplied Instructions. CDNA . was 
syntheslsed by 200 units Moloney murine leukaemia reverse 
transcriptase (Promega) and primed witli 400 ng random primers 

5 (Invitrogen), flxjm Ipg total RNA, at 42''C for 45 min, in the presence of 
10 U RNasIn, 1 x buffer supplied by the enzyme, 40 mmol 1'^ of the four 
deoxynucleotides. PCR was performed with 40 amplification cycles of 1 
mIn each at the following temperatures : 94'C, 60"C, and 72'C, fix)m 1/8 
cDNA , by using pure Taq ™ Ready -To-Go™ PGR Beads (Amersham 

10 Biosciences). Human l-ilP/PAP transgene expression was detected vyith 
primers 19/101. Endogenous HIP/PAP/Mo gene expression was 
detected with 104/105 primere which from the mouse published 
sequence of Itoh and TeraI<oa (), 

19 sens : 5' cgc ccc ggg gtg ctg cct ccc atg gcc ctg 

15 101 antisens : 5' cgc gaa tec gcc cat gat gag ttg cac acc aaa c 3* 

104 sens : 5'cgc gga ttc atg ctg cct cca aca gcc tgc 1 3' 

105 antisens : 5' cgc aag ctt tta acc agt aaa ttt gca gac ata 3' 

HIP/PAP assays ; western blot analysis. 
20 immunohistochemistrv and ELISA Test. 

HiP/PAP protein was produced and purified from the milk of 
lactating transgenic mice as described above, and according to Chrlsta et 
al., 2000. Western blot analysis and immunohistochemistry were 
performed with pre-HIP antibodies, as previously described (Chrlsta et 
25 al., 1999). Serum HIP/PAP levels were assayed using a sandwich ELISA 
test, in accordance with the manufacturer's instructions (Dynablo, La 
Gaude, France). 

30 Statistical analyses. 

Results for hepatot^es in -primary culture were expressed as 
mean +/- SD, and statistical signifidnce (P<0.05) was determined using 
an unpaired Student's test. In v/vo liver regeneration was represented by 
35 tiie percentages of nuclei incorporating BrdU using the box and whiskers 
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^p^r ! °^ differences between 

HIP PAP ransgenic and wild-type mice was determined by the Mann- 
Whrtney U-test (P<0.05). because the data distribution was not nom^al 
(Statview 5'. Abacus Concepts, Berkeley. CA). 

RESULTS 

Example 1; Charanterirfition of h..m.^ u. p/p^p 



mice. 



«„d HiI^Ap specifically expressed In the liver, 

and H PffAP^ressIng mice did not develop livers tumours, after a two 
year fblow,na. Immunohlstolocaiizatlon analysis detected HIP/pap 

mmuno^a,n,ns. occupying most of the cytoplasm of the hepatocytes 
{fiflures 2A. 1 and 2). Staining was heterogenous and posltlv^ 
we^ located ei«,er In centroicbular or portal a^as of iTe Jr Xs 
This hetOTOgeneous distHbution likely reflects HiP/PAP secretion thus 
hepatocytes could be either positive or negative before or after HIP/PAP 
8s«BtK,n respectively. HIP/PAP protein was secreted into the serum 
(250 ng/ml to 700 ng/mi) in homozygote transgenic lines 24 and 

2.10 cells). No deference In moiphoiogy and ploYdy was detected 
between HiP/PAP.xp,.ssing and controi hepato^s by hllS^' 
examination (mouse hepatocytes were 80% binudear after adhesion as 
previou^y described by Leist et al.). HIP/PAP Immunohlstochemfe^ 
views of hepatocytes in culture showed that more than 50% TZ 
hepatocytes wei« HIP/PAP labelled (Figure 2A. 3 and 4). Westem-bl<^ 
analysis detected HIP/PAP as a 16 kDa protein in liver extract and 
pnnraiy culture hepatocytes from HIP/PAP transgenic mice (figure 2B) 
H^/PAP protein was not detected in wild type mice. Actin hybrid^o^ 

hl^r "^'^ "^"^ and 
hepatocytes (50 pg corresponded approximately to 60,000 hepatocytes) 
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Example 2 Hver regeneratio n Is stimulated in mice 
expressing the human HIP/PAP g enn. 

To test in vivo the HIP/PAP effect on liver cell prollferatfon, liver 

5 regeneration induced by partial hepatectomy was examined. Low " 
magnification (x20) views for times 24, 36, 46 and 55 hours post partial 
hepatectomy are presented Figure 3A. At the Indicated times, 
percentages of positive BrdU cells were higher In HIP/PAP transgenic 
than In wild-type livers, despite the low overall frequency of nuclei which 

10 had incorporated BrdU in both groups. The percentages of nuclei 
incorporating BrdU were significantly higher In HIP/PAP transgenic mice 
(median 33%: range 20-42%) compared to wild-type (median 18%; range 
1 1-27%) (P = 0.0014), 46 hours after partial hepatectomy (figure 3 B). 
To reinforce the hypothesis that HIP/PAP protein may act as Growth 

15 Factor during liver regeneration, the time-course of the hepatic mass 
restoration In v^ld-type and transgenic mice was established, after 
hepatectomy (figure 3C). Animal and liver weights were measured in 
nonnal non hepatectomized mice. The liver/body ratio of weight was 
calculated and expressed as the average percentage ± SD. There was 

20 no difference in this ratio between the two groups: 0.0460 ± 0,0064, n=12 
and 0.0489 ± 0.0035 n = 16 for wild-type and HIP/PAP transgenic mice, . 
respectively. Liver recovery was higher In the HIP/PAP transgenic than In 
wild-type mice, and the difference was statistically significant at 48 hours 
(p <0.001), 60 hours (p<0.003) and 96 hours (p<0. 002). At 120 hours. 

25 the liver weight recovered to the same percentage in both wild-type and 
HIP/PAP transgenic mice. 

Example 3 HIP/PAP mitoqenic effect in primary culture 
hepatocvtes 

30 

In order to further investigate the enhanced liver regeneration 
obsen/ed in vivo after hepatectomy In HIP/PAP transgenic mice, primary 
cultures of hepatocytes were used to evaluate a HIP/PAP mitogenic 
35 effect. Hepatocytes derived from HIP/PAP transgenic and wild-type mice 
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"^i^. iJNA synthesis was a so- higher in HIP/pap +k« • 
wild-type hepatocytes (41 ± i4o/„ n - a . 1 HIP/PAP than in 
. ' ^ ^ n a 4, versus 31 + 11<I«. n ~ yi 
respectively after 60 hours) afthoimh fhi» w,« ' ^ ^' 

stafistlcally significanl (p = 0,0146) HIP^AP te , , . t '^"'^ 
was themfore tested whether it mfaht iTi^ ^ « 

When HIP/PAP pflZ^^n^ZT . ^ "^^"^^ ""^^'^ 



Example 4 hi p/pap aMi.. p-p.-t|r effccf 

induce-., ,y . MO io^rin.^^S^^^^''^ 

death was induced by TNF-a cZ>^L^ 2f ^J^T ^^"^ 

vlabilfty (Figure 5B,. „ ,s sh<!^ ^Ll^ ^at hto^ °' 
HIP/PAP resisted TWF-a + AotD Indn^ ""^t "lepatocytes expressing 
oHr^^nt. Ce„ surviva, r^e^ rl^l" ^^Zj-r 

^ .epatocy.es. respe::,y^::rc T ^ 



antlcaspase z-VAD-fmk (50|jM) completely prevented TNF-a-Induced ceil 
death, thus indicating that this process occurs via hepatocyte apoptosis. 
It was also examined whether dying cells exhibited the typical features of 
apoptosis. When stained with Hoechst 33258, non-viable cells displayed 
condensed chromatin, fragmented nuclei and apoptotic bodies, whereas 
viable cells did not. The features of apoptotic bodies were organized in 
"rosettes" characteristic of the hepatocyte apoptosis induced by TNF-a 
(Figure 5C). When. HIP/PAP protein (40 ng ml""") was added to wild-type 
hepatocyles, protection against 20 ng mr^TNF-a + ActD rose from 27% 
to . 47% (p<0.0001). These data demonstrate that HIP/PAP partly 
abrogated TNF-a-lnduced apoptosis In primary hepatoc^es. 



Example 5 Liver regen eration is stimulated in mice by 
hepatocvtes isolated from HIP/PAP transgenic mice. 

An In vivo experimental model was set up to test for the effect on overall 
liver regeneration of HIP/PAP expression In a minority of liver cells. Liver 
cell transplantation of hepatocytes isolated from HIP/PAP transgenic and 
C57BL/6 mice was thus perfomned, and then the extent of liver 
regeneration after partial hepatectomy was tested In the SCID recipient 
mice. 

Two complementary approaches were used to assess liver ceil 
transplantation. First, advantage of the human HIP/PAP transgene 
expression was took to monitor the fate of transplanted liver cells, by 
using Immunohlstochemistry with HIP/PAP antibodies. A semi 
quantitative estimation Indicated that transplanted cells constituted less 
than 1/1000 In the recipient Ih/ers. Moreover, HIP/PAP expression was 
shown in a limited number of liver cells without preferential distribution In 
the liver sections (portal or centrolobular area). Second, It was took 
advantage of the presence of the human HIP/PAP sequence to perform 
RT-PCR. Human HIP/PAP expression was indeed detected in recipient 
SCID liver, before partial hepatectomy, thus conflnning liver cell 
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.. transplarilatlon Moreoven human HIP/pap expression Demists in «h» 
^er secaon obtained at <,m^ 3«er hepateComy Th^ 
dennonstrated that transplanted calis pelleted upon s«m>^iiorof 
-Bcplent liver regeneration ami retained gene expiessten 
th» J"! '""^hepaBc Implantation of liver ceUs conoeming 

the extent of In/er regeneration after partial hepatectomy 
assessed. MaoiBsoopIc evaiuaSon of me liver 8 days aT pa^^ 
hepatectomy showed a marked Increase In liver mass re^L 
^nsplanted wm, ,iver ceils f«,m t^nsgenlc HIP/PAP m Ll^^^ ^ 
Momover. these findings were conflnned by liver weight mJaTu^^i' 

cells from transgenic H P/PAP fFiaure RrHi Mrs 
performed 43 h after pa«a. ^^^"^'2^7:^:::,':^^ 
.n cellular DNA syn«»sls upon transplantation of huC^H^p^ 
Z7Z' '^nsplanta.lon of 760 W t^J 

h^atocyfes was sufficient to Inc^ ,|ver regeneration. Sta^dart 
histological examination of the liver did not reveal any Ztous 
morphological changes. obvious 

example 6 liver re generatio n la ^«^ ,. f^. , 

Itwast^ whetherthe Injection of purified hiP/pap might have 

demonstrated a mitogenlc paracrine effect of HIP/PAP pretLn^^ 
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Claims 

. 1 . A pharmaceutical composition for stimulating liver regeneration in vivo 
5 comprising an effective amount of a polypeptide comprising an amino 
acid sequence having 90% amino acid identity with the polypeptide 
consisting of the amino acid sequence starting at the amino acid 
residue 36 and ending at the eimino acid residue 175 of sequence 
SEQ ID N°1, In combination with at least one physiologically 
10 acceptable excipient. 

2. A pharmaceutical composition according to claim 1 comprising an 
effective amount of the polypeptide consisting of the amino acid 
sequence starting at the amino acid residue 36 and ending at the 

15 amino acid residue 175 of sequence SEQ ID N**1 , in combination with 
at least one physiologically acceptable excipient 

3. A pharmaceutical composition according to claim 1 comprising an 
effective amount of a polypeptide comprising an amino acid sequence 

20 having 90% amino acid Identity with the polypeptide consisting of the 
amino acid sequence starting at the amino acid residue 27 and 
ending at the amino acid residue 175 of sequence SEQ ID N**1, In 
combination with at least one physiologically acceptable excipient. 

25 4. A pharmaceutical composition according to claim 1 comprising an 
effective amount of the polypeptide consisting of the amino acid 
sisquence starting at the amino acid residue 27 and ending at the 
amino acid residue 175 of sequence SEQ ID N^'l, in combination with 
at least one physiologically acceptable excipient. 

30 

5. A pharmaceutical composition according to claim 1 comprising an 
effective amount of the human hepatocarcinoma-lntestine-pancreas 
/pancreatic-associated protein (HIP/PAP) of sequence SEQ ID N"*! in 
combination with at least one physiologically acceptable excipient. ' 

35 
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6. A phanrnaceutlcal composition aoeonling to any one of claims 1 to 5 
fbrtnsating patients having endowed a liver resection. 

7. A phanriaoeutioal composition accorting to any one of claims 1 to 5 

a hepatic fa,k,re caused by liver distaste such as hepatitis heZl 
c,nt,os« Of alcoholic vI,b,. dn,g or unknown cause, orh^iirr 

8. A Rharmaceutleal composition according to any one of claims 1 to B 
fortrea^ng patients which are «,e subject of a diseasL Cril^ I 
me group consisting of : Hepatitfe B, Hepatitis C, Urea Cyde deC 
FamW hypercholeste«.lemla. Alcohol induced clrmosls cfy^n 
Sto-BBe Disease. Autoimmune Hepatitis. Primary Hype^^^^^ 
I Cryph,genic cini,osls, Crigler-Najlar syndrome ty^ conge^ 
Hepat,c Rbrasis. Nelmann- Pick Disease, Primary Bilia^ croste 
Famrira, Amylofdosls, Biliary Atmsla. Hepatocellular ^^ctoma 
Pnmary Sciemsing Cholangitis. Hepatoblastoma. Aiaglile sZZe 
Hemangioendothelioma. Familial Cholestasis Non-C^rclntTtT 
endocrine. Dn,g Induced liver failure, benign f ^^".^rTras Z 
nodularhyperplasla Liver tumors such as Hepatocellular 

and Cholangracamlnoma, Acute«ulminant liver failure. Budd^^ri 
Byndrome. Alpha-l-anUtrypsIn deficiency, Wilson DlseasT 
Hemochromatosis. Tyroslnemia, ProU,po,phyria. apd Cystioflb^^r 

9. A pharmaceuaoal composition with limited adverse effects on liver 
necrosis comprising : 

0) a tterapeuticaily effective amount of a hepatotoxic compound, 

'"^ dair^Xl ' "'^^ Of 

^"Ir'^T"" """""'"^ ""^'"^ hepatocytes In combination with a 
polypeptide according to anyone of claims 1 to 5. wim a 

11. A composition comprising hepatocytes that have been transfected 
an expression cassette fl^at drives the e^e^TTl 
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polypeptide according to anyone of claims 1 to 5 in said transfected 
hepatocytes. ' , 

12. A composition comprising an effective amount of bone-man-ow stem 
cells in combination with a polypeptide according to anyone of claims 
1to5. 

13. A pharmaceutical composition for stimulating liver regeneration in vivo 
comprising an effective amount of a composition according to anyone 
of claims 10 to 12. 

14. A process for stimulating hepatocyte growth in vitro comprising : 

(a) collecting hepatocytes: 

(b) . cultivating said hepatocytes In an appropriate culture medium ; 
and 

(c) treating said hepatocytes with a mitogenic amount of a 
polypeptide according to anyone of claims 1 to 5. 

15. A process for stimulating hepatocyte growth in vitro comprising : 

(a) collecting hepatoc^es; 

(b) cultivating said hepatocytes In an appropriate culture medium ; 
and 

(c) transfectlng said hepatocytes with an expression cassette that 
drives the expression of the HIP/PAP protein In said transfected 
hepatocytes. 

16. A process for treating bone marrc>w stem cells in vitro comprising : 

(a) collecting bone marrow stem cells; 

(b) cultivating said bone maaow stem cells In an appropriate culture 
medium; and 

(c) treating said bone marrow stem cells with a mitogenic amount of 
a polypeptide according to anyone of claims 1 to 5. 
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17. Use of a polypeptide accoRlIng to anyone of claim 1 to 5 to 
manufacture a phamiaceutlcal composWon for stimulating iC 
regeneration //7 wVo. "u'awng iiver 
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ABSTRACT OF DISCLOSURE 



Compositions for liver regeneration and for the prevention of liver 

failure. 



INSTITUT NATIONAL DE LA SANTE ET DE LA 
RECHERCHE MEDICALE INSERM 



This Invention is based on the experimental finding that HIP/PAP 
has mitogenlc and antlapoptotic effects in vitro on hepatocytes in primary 
culture. The present invention is also based on the experimental finding 
that HIP/PAP administration has no adverse efl^ects in mammals. This 
Invention concerns a phannaceutical composition for stimulating liver 
regeneration In vivo comprising an efl'ectlve amount of a polypeptide 
comprising an amino add sequence having 90% amino acid identity with 
the polypeptide consisting of the amino acid sequence starting at the 
amino acid residue 36 and ending at the amino acid residue 175 of 
sequence SEQ ID N»1. in combination wrth at least one physiologically 
acceptable exclpient. 
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<210> 1- 
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Met Leu Pro Pro Met Ala Leu Pro Ser Val Ser Trp Met Leu Leu Ser 
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Cyr Leu Uet teu teu Ser Gla Val Sin eiy Slu GXn Pro Oln Arg Olu 
20 25 30 

teu Pro ser Ala Arg He Arg Cya Pro liys Oly Ser tors Ala Tyr 61y 

Ser His Cys Tyr Ala Zieu Phe Leu Ser Pro ser Trp Thr Asp Ala 

55 • 60 

Asp teu Ala Cys Oln tys. Arg Pro Ser Gly Asn Z.ea Val Ser Val Leu 
®* '0 . 75 80 

Ser Oly Ala Olu Oly Ser Pbe Val Ser Ser Leu Val Lys Ser He Oly 
«S 90 95 

Aaa Ser Tyr Ser Tyr Val Trp He Oly Leu Hia Aep Pro Thr Oln Oly 
"° . 105 110 

Thr Olu Pro Asa Oly Olu Oly Trp Olu Xrp Ser Ser Ser Asp Val Meb 
115 120 125 

Asa T^ Phe Ala Trp Olu Arg Asa Prp Ser Thr Xle Ser Ser Pro Oly 

135 140 ' 

His cys Ala Ser Leu Ser Arg Ser Thr Ala Phe Leu Arg Trp Lys Asp 

ISO 155 ' j^g^ 

Tyr Asa Cys Asa Val Arg Leu Pro Tj^ Val <Jys Lys Phe Thr Asp 
"5 • 170 i7f 
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